Introduction
Pseudornonas aeruginosa is considered to be an schal k@esbs.u-strasbgfr). 
PaA
PaA is synthesized in iron-deficient conditions and the binding constant for its association with FeS+ is extremely high (around lo3' M-l ). This siderophore possesses a chromophore derived from 2,3-diamino-6,7-dihydroxyquinoline, which confers colour and fluorescence to the molecule, linked to a partially cyclic octapeptide ( Figure 1 ) [3] . Fe"+ is complexed by PaA via three bidentate groups, one belonging to the chromophore and two to the peptide.
PaA and PaA-Fe binding to the outer membrane receptor FpvA
T h e fluorescence resonance energy transfer (FRET) between iron-free PaA and the T r p of FpvA has clearly shown that, under iron limitation, PaA-loaded FpvA is the normal state of the receptor in vivo [4, 5] . TonB has no effect on the affinity of PaA-Fe. It simply doubles the affinity of PaA. Similar affinities of iron-free siderophore and ferric-siderophore for their receptors have been reported in A. hydrophila [6] . Without doubt, such a small difference between the affinities of PaA and PaA-Fe for FpvA was very surprising. Under iron limitation, the free form of the siderophore is always in large excess in the medium with respect to the ironloaded siderophore. It is difficult to understand how an efficient iron-uptake mechanism can cope with a receptor displaying only small differences in affinity for iron-loaded and iron-free siderophore.
Moreover, time-resolved fluorescence has shown that the FpvA-PaA complex is able to adopt two different conformations [7] . In both conformers, the dihydroquinoline moiety of the PaA is fully protonated or co-ordinated by proteincharged groups, but the polarity of its environment, its solvent accessibility and its rotational dynamics differ between conformers. In the presence of metal (FpvA-PaA-Ga and FpvAPaA-Al), the solvent accessibility and mobility of the dihydroquinoline moiety are intermediate between those observed for the two FpvA-PaA conformers [7] . Thus, the binding interactions between ferric-PaA and apo-PaA and their outer membrane receptor FpvA seem to be quite complex. These interactions may involve more then one binding site per receptor or different receptorligand conformations. Mutagenesis studies on FepA have also suggested that there may be dual 
Ferric-PaA uptake through the outer membrane
During iron uptake, the bound iron-free PaA of the FpvA-PaA complex is displaced by the extracellular tritiated ferric-PaA in P. aeruginosa [4, 5] .
PaA-Fe does not act as an iron donor by the mechanism described for A. hydrophila [6] .
The kinetics of formation of this FpvA-PaA-Fe complex during iron uptake are regulated by TonB [S] , suggesting that TonB plays a critical role in the formation of the receptor-siderophore-iron complex. The formation of the receptor-siderophoreiron complex is the first step in iron uptake. Three different mechanisms have been described for ferric-siderophore uptake in Gram-negative bacteria ( Figure 2 ). The first is that described for ferrichrome in E. coli. In this mechanism, the ferric-siderophore complex binds to its outer membrane receptor and is transported into the cytoplasm without any siderophore-iron dissociation (Figure 2 ). In the two other mechanisms, the outer membrane receptor is already loaded with a molecule of apo-siderophore. In mechanism 3, found in E. coli and A. hydrophila [6] , the extracellular ferric-siderophore acts as an iron donor and brings the iron ion to the apo-siderophore already bound to the outer membrane receptor (Figure 2 ) . In the mechanism studied by our group (mechanism 2 in Figure 2 ) , the extracellular ferric-siderophore displaces the already bound iron-free siderophore on the receptor. In this case, iron is not transferred between siderophores; instead, an iron-loaded siderophore displaces an iron-free siderophore. This major difference between mechanisms 2 and 3 (Figure 2) is consistent with the specificity of the outer membrane receptors involved in each mechanism.
In our case (mechanism 2), the outer membrane PaA receptor is highly strain-specific [lo] . Conversely, in mechanism 3, the outer membrane receptor has very low siderophore specificity and recognizes a wide variety of siderophores [6] .
PaA recycling after ferric-PaA uptake
Our group recently showed that after the uptake of iron and its release into the cells, the iron-free PaA 
Conclusions
T h e iron-uptake mechanism described here for PaA-Fe is clearly different from those proposed 
Introduction
Neisseria meningitidis is the causative agent of bacterial meningitis. Although a vaccine is now available for the C strain no vaccine is available for the B strain, the most prevalent in the Western world. Under iron-limiting conditions N . meningitidis expresses a number of surface receptors for host iron-containing proteins, including
